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7KH UHVW RI WKLV SDSHU LV RUJDQL]HG DV IROORZV 6HFWLRQ  SUHVHQWV WKH PLFURJULG PRGHOOLQJ XVLQJ 3DUN
WUDQVIRUPDWLRQ ,Q 6HFWLRQ  PLFURJULG DQDO\VLV DV D PXOWLYDULDEOH V\VWHP LV SUHVHQWHG 7KH XQFHUWDLQW\
GHWHUPLQDWLRQLVSUHVHQWHGLQ6HFWLRQ,QVHFWLRQUREXVWVWDELOLW\DQGSHUIRUPDQFHUHTXLUHPHQWVDUHJLYHQUREXVW




WKUHHSKDVHVLQXVRLGDOYROWDJHVRXUFH7KH96&RXWSXW ILOWHU WUDQVIRUPHUDQG OLQHEHWZHHQ WKH96&DQGSRLQWRI
FRPPRQ FRXSOLQJ 3&& DUH PRGHOHG E\ DQ HTXLYDOHQW LQGXFWDQFH DQG DQ HTXLYDOHQW UHVLVWDQFH 7KH ORDG LV
FRQVLGHUHGDVDFRPPRQUHVLVWLYHLQWKH3&&)LJEVKRZVWKHHTXLYDOHQWVLQJOHOLQHGLDJUDPRIWKHPLFURJULG
,QRUGHUWRILQGDOLQHDUWLPHLQYDULDQW/7,PRGHORIWKHPLFURJULGWKHPRVWFRPPRQO\PHWKRGLVFRQYHUWLQJWKH
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WKH EDODQFHG WKUHHSKDVH FRPSRQHQWV8QGHU D EDODQFHG FRQGLWLRQ WKH ]HURVHTXHQFH RI WKH WKUHHSKDVH YDULDEOH
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ZKHUH E DQGG DUHWKH96&YROWDJHDPSOLWXGHDQGSKDVHDQJOHUHVSHFWLYHO\6LQFHWKHVHYROWDJHVDUHGHSHQGHQWWR
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,QWKHDERYHHTXDWLRQV G DQG G DUHWKHVWHDG\VWDWHYDOXHVRI  tG DQG   tG UHVSHFWLYHO\
0LFURJULGDQDO\VLVDVDPXOWLYDULDEOHV\VWHP
7KHFRQVLGHUHGPLFURJULG V\VWHPKDV IRXU LQSXWV IRXURXWSXWVDQGIRXUVWDWHYDULDEOHV7KHUHIRUH WKH WUDQVIHU
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8VLQJ WKHREWDLQHG VWDWH VSDFH UHSUHVHQWDWLRQRI WKH0*RQHFDQ VHH WKDW WKH V\VWHP LV DV\PSWRWLFDOO\ VWDEOH
6LQFH WKHUHDUHQR LQSXWRXWSXWDQG LQSXWRXWSXWGHFRXSOLQJ]HURV WKHXWLOL]HGVWDWHVSDFH UHSUHVHQWDWLRQ LVERWK




PXVWEHXVHG7KHdq FXUUHQWV H[SRUWLQJ LVRQHRI WKHPRVW FRPPRQRXWSXW VHW VHOHFWLRQV >@ZKLFK OHDGV WRD
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ZKHUHu GHQRWHV HOHPHQWE\HOHPHQW PXOWLSOLFDWLRQ >@ 7KH PRVW GHVLUDEOH LQSXWRXWSXW FRXSOH KDV D SRVLWLYH
5*$¶V HOHPHQW FORVH WR RQH 7KH REWDLQHG UHVXOWV UHSUHVHQWHG LQ7DEOH  VKRZ WKDW WKH VROXWLRQ RI WKH SDLULQJ
SUREOHPLVGHSHQGRQWKH;5UDWLR,QGHHGLWFDQEHVHHQWKDWLQWKHILUVWVFHQDULR ^ `qiG DQG ^ `dE i DUHWKHEHVW
FRXSOHV DFFRUGLQJ WR WKH 5*$ UXOH +RZHYHU IRU WKH ODVW VFHQDULR WKH 5*$ SURSRVHV WR XVH RI FRXSOHV RI
^ `diG DQG ^ `qE i IRUGHFHQWUDOL]HGFRQWUROGHVLJQSURFHGXUH
7DEOH0LFURJULG3DUDPHWHUVDQGOLQHDUL]DWLRQGDWD

3DUDPHWHUV 9DOXHV 3DUDPHWHUV 9DOXHV
96&VQRPLQDOSRZHU 0: ( SX
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L2 P+ ;5 
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7DEOH7KUHHPLFURJULGRXWSXW;5ZLWKWKHFRUUHVSRQGLQJ5*$V

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DGGLWLRQZHZDQWWRGHVLJQH f DQG H FRQWUROOHUVIRUWKHPLFURJULGWKHUHIRUHDQXQVWUXFWXUHGXQFHUWDLQW\PRGHO
LVDOVRQHHGHG,QWKLVSDSHU r FKDQJHVLQWKHORDGUHVLVWDQFHLVFRQVLGHUHGDVWKHXQFHUWDLQW\
4.1. Unstructured uncertainty modelling 
7KHXQVWUXFWXUHGXQFHUWDLQW\LVPRGHOOHGLQWKHIROORZLQJIRXUVWHSV
 3DUDPHWULFXQFHUWDLQW\GHWHUPLQDWLRQE\FRQVLGHULQJYDULDWLRQLQWKHORDGUHVLVWDQFHDVIROORZV
 L Ln rR R rG          
ZKHUHRLnLVWKHQRPLQDOUHVLVWDQFHORDG rG d DQG r  
 &RQYHUWLQJ WKH SDUDPHWULF XQFHUWDLQW\ WR WKH XQVWUXFWXUHG XQFHUWDLQW\ E\ FRQVLGHULQJ DQ LQSXW
PXOWLSOLFDWLYHXQFHUWDLQW\PRGHOXVLQJWKHIROORZLQJIRUPXODWLRQ
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ZKHUH Ö VG DQG VnG DUH WKH WUDQVIHU IXQFWLRQ PDWULFHV RI WKH XQFHUWDLQ DQG QRPLQDO V\VWHPV
UHVSHFWLYHO\DQG Vu' LVWKHXQFHUWDLQW\WUDQVIHUIXQFWLRQPDWUL[EORFN
 &XUHILWWLQJIRUDQ\HOHPHQWRIWKH Vu' E\DILUVWRUVHFRQGRUGHUWUDQVIHUIXQFWLRQ
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4.2. Parametric uncertainty modelling 
)LJVKRZVWKHEORFNGLDJUDPRIWKHV\VWHPZKLFKVKRZVRQO\FRQQHFWLRQVEHWZHHQWKHFRQWUROLQSXWVDQGWKH
VWDWH YDULDEOHV $V PHQWLRQHG DOUHDG\ WKH RQO\ XQFHUWDLQ SDUDPHWHU LV WKH ORDG UHVLVWDQFH 7KH ORDG UHVLVWDQFH
EORFN¶V LQSXWV DUH di' DQG di'  DQG LWV RXWSXWV DUH Y DQG Y  )LJ  VKRZV WKH SURFHGXUH RI WKH SDUDPHWULF
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WZR'(5 PLFURJULG ,Q DGGLWLRQ WZR UREXVW FRQWUROOHUV LH H f DQG H  DQG D VHTXHQWLDO 3,' FRQWUROOHU DUH
GHVLJQHGDQGFRPSDUHGXVLQJWKHOLQHDUL]HGPRGHORIWKH0*SUHVHQWHGLQ6HFWLRQ
5.1. Robust Stability Requirement 
,QRUGHUWRXVHWKHVWDQGDUGH f DQG H FRQWUROGHVLJQSURFHGXUHVWKHFORVHGORRSVWUXFWXUHGHSLFWHGLQ)LJLV
FRQVLGHUHG8VLQJ WKHVPDOOJDLQ WKHRUHP>@ WKHV\VWHPZLWKRXWDQ\FRQWUROOHU LV UREXVWO\ VWDEOH LIDQGRQO\ LI
 wzT s Jf d DQG    s Jf' d  ZKHUH  wzT s IRU GLIIHUHQW G\QDPLF DQG XQFHUWDLQW\ WHVW VFHQDULRV 7DEOH 
VKRZV WKHȖ DQG WKHPD[LPXPDFFHSWDEOHXQFHUWDLQW\GLVF UDGLXV IRU WKUHHVFHQDULRV)RU LQVWDQFH WKHPD[LPXP





5.2. Nominal and Robust Performance Requirement 
)RUWKHSUREOHPDWKDQGKDYLQJDGHVLUDEOHWUDFNLQJOHVVFRQWUROVLJQDOHQHUJ\DQGGLVWXUEDQFHDWWHQXDWLRQDUH
FRQVLGHUHG DV WKH SHUIRUPDQFH REMHFWLYHV *RRG WUDFNLQJ DQG GLVWXUEDQFH DWWHQXDWLRQ DUH EHKDYLQJ LQ WKH VDPH
GLUHFWLRQ EXW WKH\ VKRXOG EH FRPSURPLVHG ZLWK WKH JRDO RI OHVV FRQWURO VLJQDO HQHUJ\ 7KH QH[W VWHS LQ WKH
SHUIRUPDQFHDVVHVVPHQW LVZHLJKWLQJ IXQFWLRQVGHWHUPLQDWLRQ7KHUH LVQRWDQ\H[DFWDQGVWUDLJKWIRUZDUG ODZIRU
ILQGLQJZHLJKWLQJ IXQFWLRQV2QHPD\ VWDUW E\ DQ LQLWLDO ZHLJKW DQG FRQWLQXH WKH WXQLQJ SURFHVV FRQFHUQLQJ WKH
FORVHGORRSSHUIRUPDQFHLQDVLPXODWLRQHQYLURQPHQW6RPHJXLGHOLQHVIRUWXQLQJRIZHLJKWLQJIXQFWLRQVDUHJLYHQ
LQ>@
7KH FORVHGORRS V\VWHP ZLWK VHOHFWHG ZHLJKWLQJ IXQFWLRQV DUH VKRZQ LQ )LJ  7KHW1W2 DQGW3 DUH WKH
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5.3. Robust H f Controller 
7KH FORVHGORRS VWUXFWXUH VKRZQ LQ)LJ  LV XVHG IRU GHVLJQLQJ RI UREXVWH f FRQWUROOHU+HUH WKHZHLJKWLQJ
IXQFWLRQVDUHFKRVHQDVIROORZV

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LQWHUFRQQHFWLRQRI WKHWUDQVIHUIXQFWLRQPDWULFHVG, W1, W2, W3 DQG Wu LVIRXQGDFFRUGLQJWR)LJDQGWKHQWKH
FRQWUROOHULVGHVLJQHGXVLQJUREXVWFRQWUROWRROVLQ0$7/$%VRIWZDUH6LQFHWKHUHVXOWLQJUREXVWFRQWUROOHUXVXDOO\
KDVDELJRUGHURUGHUUHGXFWLRQPHWKRGVOLNHUHVLGXDOL]DWLRQDQGWUXQFDWLRQVKRXOGEHDSSOLHGWRUHGXFHWKHRUGHURI
WKH UREXVW FRQWUROOHU )LJ  VKRZV WKH IUHTXHQF\ UHVSRQVHVRI WKHRULJLQDO FRQWUROOHU DQG LWV UHGXFHGRUGHU XVLQJ
UHVLGXDOL]DWLRQ DQG WUXQFDWLRQPHWKRGV 7KH RULJLQDO FRQWUROOHU LV REWDLQHGZLWK RUGHU RI  DQG UHGXFHG RUGHU
FRQWUROOHUV DUH WK RUGHU*HQHUDOO\ WKH UHVLGXDOL]DWLRQPHWKRG LQ ORZ IUHTXHQFLHV DQG WUXQFDWLRQPHWKRG LQKLJK
IUHTXHQFLHV KDYH D UHVSRQVH VLPLODU WR WKH RULJLQDO V\VWHP )LJ  VKRZV WKH WLPH UHVSRQVHV RI WKH RULJLQDO DQG
UHGXFHGRUGHUFRQWUROOHUV7KHWLPHRIWKHHYHQWVLVJLYHQLQ7DEOH$FFRUGLQJWR)LJWKHUHVLGXDOL]DWLRQPHWKRG
KDV IDVWHU UHVSRQVHVEXW WKHVWHDG\VWDWHHUURURI WKH WUXQFDWLRQPHWKRG LV OHVV ,QDGGLWLRQ WKHV\VWHP WUDFNV WKH
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7DEOH7LPHRIWKHHYHQWV
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)LJXUH)UHTXHQF\UHVSRQVHVRIWKHRULJLQDO H f FRQWUROOHUUHGDQGUHGXFHGRUGHUFRQWUROOHUVXVLQJUHVLGXDOL]DWLRQEOXHDQGWUXQFDWLRQ
JUHHQPHWKRGV
5.4. Robust H Controller 
$OOVHFWLRQVRIWKH H FRQWUROOHUGHVLJQLVVLPLODUWRWKHH f FRQWUROOHUGHVLJQH[FHSWWKHZHLJKWLQJIXQFWLRQV,Q
H FRQWUROOHUGHVLJQVWULFWO\SURSHUZHLJKWLQJWUDQVIHUIXQFWLRQVVKRXOGEHDSSOLHGWRKDYHDVWULFWO\SURSHUFORVHG
ORRS WUDQVIHU IXQFWLRQ EHFDXVH WKH H GHVLJQ PHWKRG WULHV WR PLQLPL]H H QRUP RI WKH GHVLUHG FORVHGORRS
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)LJXUH7LPHUHVSRQVHVRIWKHPDLQ H f FRQWUROOHUUHGDQGUHGXFHGRUGHUFRQWUROOHUVXVLQJUHVLGXDOL]DWLRQEOXHDQGWUXQFDWLRQ
JUHHQPHWKRGV

7KH WUXQFDWHG FRQWUROOHU FDQQRW WUDFN WKH UHIHUHQFH LQSXWV LQ FRQVLGHUDEOH QXPEHU RI WKH FDVHV ZKHUHDV WKH
UHVLGXDOL]HG FRQWUROOHU KDV D JRRG SHUIRUPDQFH \HW :LWK FRPSDULVRQ EHWZHHQ )LJV   DQG  WKH HQKDQFHG
SHUIRUPDQFHXVLQJH f DQG H FRQWUROOHU LVREYLRXV%HVLGHV)LJSURYLGHVWKHFRPSDULVRQEHWZHHQVHTXHQWLDO
WXQHG3,'UREXVWWUXQFDWHGH f DQGUHVLGXDOL]HG H FRQWUROOHUV3,'FRQWUROOHUKDVDYHU\ODUJHVHWWOLQJWLPHGHVSLWH
LW LV WXQHG 7KLV VORZ3,' UHVSRQVHPD\ FDXVH LQVWDELOLW\ DIWHU D IDXOW LQ WKHPLFURJULG RUPDLQ JULG 7KH EHWWHU
SHUIRUPDQFH RI WKH UREXVW WUXQFDWHG H f DQG UHVLGXDOL]HG H FRQWUROOHUV DJDLQVW WXQHG 3,' FRQWUROOHU LV YLVLEOH
FRQVLGHUDEO\ +RZHYHU WKH UREXVW WUXQFDWHG H f DQG UHVLGXDOL]HG H FRQWUROOHUV KDYH QRW LPSUHVVLYH GLIIHUHQFH
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